MULTI-POSITION BOV ACTUATOR 


BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention generally relates to compressor surge bleed 

valve (BOV) actuators for gas turbine engines. 
Description of the Prior Art 

[0002] Compressor surge bleed valves are a well known method to protect 

against compressor surge. Accurately controlling bleed allows the engine 
performance to be controlled to prevent surge. Most prior art BOVs are two-position 
(open/closed) type, but variable position BOVs are also known, as exemplified by 
United States Patent No. 3,849,020 issued to Eastman on Nov. 19, 1974 and United 
States Patent No. 4,391,092 issued to Amett on July 5, 1983. Such variable position 
BOV systems generally include actuators which are complex in manufacture and 
operation requiring numerous parts which are subject to failure and which are 
responsive to complex signals relying on numerous compressor feedback 
measurements for achieving discrete positioning of the bleed valves to intermediate 
positions. 

[0003] There is thus a need for a new compressor bleed valve actuator which 

is comparatively less complex structurally, less expensive to manufacture, more 
reliable, lighter in weight and which provides for intermediate bleed-off flow without 
the added complexity of compressor feedback measurement. 

SUMMARY OF THE INVENTION 

[0004] It is therefore an aim the present invention to provide a compressor 

bleed valve actuator which is of improved construction. 

[0005] Therefore, in accordance with the present invention, there is provided 

a compressor bleed valve actuator comprising a movable piston in a piston casing, the 
piston being movable to a predetermined axial position set by a relief port which is 
selectively openable for allowing incoming pressurized fluid to flow out of said 
piston casing as said piston uncovers said relief port. 
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[00061 In accordance with a further general aspect of the present invention, 

there is provided a system for controlling compressor surge in a gas turbine engine 
comprising: at least one bleed valve; and at least one pressurized fluid actuator 
coupled to the bleed valve to operate the bleed valve to control compressor surge, 
said actuator mounted for movement in a casing between first, second and third 
positions, the second position being intermediate the first and third positions, wherein 
the actuator is moved between said positions upon the supply of a pressurized fluid to 
an operative portion of the actuator, the actuator having at least one selectively 
openable opening at a location corresponding to the second position for selectively 
permitting pressurized fluid to exit the operative portion of the actuator and thereby 
permit the actuator to remain in said second position. 

[0007] In accordance with a still further general aspect of the present 

invention, there is provided a gas turbine engine comprising an engine part movable 
between discrete positions, an actuator coupled to said engine part to actuate the 
engine part, said actuator comprising a piston mounted for reciprocal movement 
within a piston casing, said piston being movable from a first end position to a 
second end position when a pressurized fluid is supplied to a chamber through a first 
opening defined in said casing, said chamber being defined at least partially by said 
piston and said piston casing, the actuator including a second opening adapted to 
remove pressurized fluid from said chamber, wherein said piston is selectively 
retainable in an intermediate position by bleeding pressurized fluid from said 
chamber through the second opening. 

[0008] In accordance with a still further general aspect of the present 

invention, there is provided a compressor bleed valve actuator comprising a piston 
slidable in a piston casing between first, second and third positions, said second 
position being intermediate said first and third positions, a first port provided in said 
piston casing for allowing a pressurized fluid to be selectively supplied into said 
piston casing in order to displace said piston from said first position to said third 
position, and a selectively openable outlet port provided in said piston casing at a 
location corresponding to said second position, whereby when said piston uncovers 
said outlet port and said outlet port is opened, the pressurized fluid flowing into said 
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piston casing via said first port is permitted to flow out of said piston casing through 
said outlet port, thereby causing said piston to remain in said second position thereof. 
[0009] In accordance with a still further general aspect of the present 

invention, there is provided a method of setting an intermediate position of a 
compressor surge bleed control actuator, the actuator including a fluidly movable 
piston received in a casing for sliding movement between first, second and third 
positions, the second position being intermediate the first and third positions, the 
method comprising the steps of; biasing said piston towards said first position; 
directing a pressurized fluid into said casing via a first port to displace said piston 
away from said first position; and opening a relief port to permit pressurized fluid to 
flow out of said casing at said second position once said piston uncovers said relief 
port. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00010] Having thus generally described the nature of the invention, reference 

will now be made to the accompanying drawings, showing by way of illustration a 
preferred embodiment thereof, and in which: 

[00011] Fig. 1 is a schematic view illustrating an air bleed control system for a 

gas turbine engine utilizing a multi-position actuator constmcted in accordance with a 
preferred embodiment of the present invention; and 

[00012] Fig. 2 is a schematic cross-sectional side view of the actuator used in 

the system illustrated in Fig. 1. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[00013] Referring to Fig. 1, numeral 10 designates a gas turbine engine generally 
comprising in serial flow communication a fan 12 through wliich ambient air is 
propelled, a compressor 14 for pressurizing the air, a combustor 16 in which the 
compressed air is mixed with fuel and ignited for generating a stream of hot 
combustion gases, and a turbine 18 for extracting energy from the combustion gases. 
[00014] A series of conventional compressor air bleed valves 20 are provided 

to bleed compressor pressurized air from an intermediate or rear compressor stage to 
a relatively low pressure zone in order to prevent compressor surge to occur at off- 
design speeds. 
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[00015] A BOV actuator 22 is provided to accurately and simply actuate the 

bleed valves 20 to three positions (open, closed and intermediate). As best shown in 
Fig. 2, the actuator 22 generally comprises a piston 24 mounted for reciprocating 
movement within a piston casing or cylinder 26. An actuator rod 28 is connected to 
the piston 24 and extends axially outwardly of the cylinder 26 to displace the bleed 
valves 20 via an appropriate linkage, or other means, as is schematically represented 
at 30 (Fig. 1), Alternatively, each air bleed valve 20 could be individually actuated by 
a separate actuator 22. 

[00016] A spring 32 is mounted between the piston and the cylinder, and 

preferably about the actuator rod 28 within the cylinder 26, to bias the piston 24 
towards a first end or retracted position, and against a first stop 34 in the cylinder 26. 
This first end position in this example corresponds to the fiiUy closed position of the 
air bleed valves 20. A first port 36 is defined preferably at or near the bottom of the 
cylinder 26 and is connected in this example to a conventional three-way solenoid 
valve 38 operable to selectively connect the cylinder 26 to a source of fluid pressure 
50, such as a fuel tank, and to a return line 39 to form a fluid pressure circuit 52. 
Accordingly, a pressurized fluid can be directed into the cylinder 26 in order to 
displace the piston 24 against the biasing force of the spring 32 towards a second end 
or fully expanded position, in this example corresponding to the fiiUy open position 
of the air bleed valves 20. A second stop 40 is preferably provided at the upper end 
of the cylinder 26 in order to limit the upward stroke of the piston 24 and, thus, stop 
the piston 24. 

[00017] An intermediate relief port 42 is defined in the cylinder 26 at a 

location intermediate the first and second end positions described above. A in this 
example, a conventional two-way solenoid valve 44 is provided for selectively 
closing and opening the intermediate relief port 42. The fluid system retum line 39 is 
connected to an outlet port 41 of the two-way solenoid valve 44 to feed the fluid back 
to the fluid reservoir (not shown). The solenoids are connected to an appropriate 
control system. When fluid is directed into the cylinder 26 via the first port 36, the 
piston 24 will be forced, when a sufficient fluid pressure is presented, to slide away 
fi*om the first stop 34 against the biasing action of the spring and thus move towards 


the second stop 40. If it is desired to stop and maintain the piston 24 in an 
intermediate position, i.e. in this example between the first and second stops 34 and 
40, the two-way valve 44 is operated to open the relief port 42. In this way, as soon 
as the piston 24 clears (i.e. imcovers) the relief port 42, the fluid supplied into the 
cylinder 26 via port 36 will flow out of the cylinder 26 through the relief port 42, 
thereby maintaining a stable pressure applied against the piston, but ceasing to force 
an upward movement of the piston. The continued counter-balance force exerted by 
the spring thereby co-operates to causes the piston 24 to remain in the intermediate 
position. As mentioned, and will be understood, the intermediate position of the 
piston is determined by the location of the relief port 42 for a given actuator design. 
(Likewise, the location of supply port 36 may be used to locate the first end position, 
assuming a sufficient pressure is maintained in the fluid supply line to overcome the 
biasing force of the spring, as the skilled reader will understand.) The intermediate 
position of the piston 24 preferably corresponds to some intermediate position of the 
air bleed valves 20, thus permitting an intermediate surge-control response to be 
made. If the intermediate relief port is closed, fluid cannot exit the cylinder chamber. 
[00018] In use, a pressurized fluid is supplied fi-om a pressurized fluid source, 

such as fuel tank 50 via fluid circuit 52 (see Figure 1), to valve 38. When it is desired 
to actuate the actuator (e.g. to open surge control bleed valves on a compressor), 
valve 38 is operated to permit pressurized fluid to enter the cylinder, and thereby 
force piston 24 upwardly against the biasing force of spring 32. If it is desired to 
maintam the actuator in the intermediate position, the valve 41 is opened to permit 
pressurized fluid to exit the cylinder via port 32 (fluid thus circulates into the cylinder 
via valve 38 and out via valve 41, and a sufficient pressure is maintained to at least 
overcome the force of the biasing spring.) If it is desired to move the actuator to a 
third, full-span position, valve 41 is then closed (or remains closed, as the case may 
be) and the pressurized fluid in the cyhnder forces the piston further upward in the 
cylinder, until stop 40 restrains further movement. In the event that the fluid pressure 
falls to lower than the spring biasing force (e.g. if the fluid pressure is decreased at 
source, or by the action of valves 38 and/or 41), the piston 24 will move downwardly 
under the action of the spring 32 until a pressure balance or tiie stop 34 is reached. If 
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valve 41 is opened while piston is positioned between port 42 and stop 40, 
pressurized fluid in the cylinder will be permitted to exit via port 42, thereby 
affecting the pressure in the cylinder and preferably sufficeintly so as to permit the 
piston to move towards stop 34. However, as the piston reaches relief port 42 the 
fluid pressure underneath the piston 24 will preferably "automatically" retum the 
piston 24 to its intermediate position should the piston move to a position blocking 
port 42. Therefore, as long as the valve 41 remains open and a sufficient fluid 
pressure is maintained in the cylinder to just overcome the spring force, the piston 24 
will remain steady in its intermediate position. Should valve 39 then be closed such 
that fluid is not supplied to the cylinder, the position will tend to retum under the 
action of the spring to stop 34. 

[00019] The utilization of a so-called "mid-span" relief port advantageously 

obviates the need for feedback measurements in order to achieve accurate 
intermediate positioning. The intermediate position of the actuator 22 is established 
for a given actuator design by the position of the relief port 42 on the cylinder 26, and 
thus is a predetermined fixed position that is only dictated by the position of the relief 
port 42. It is understood that additional relief ports could be provided along the 
cylinder 26 in order to move the piston 24 to any number of discrete intermediate 
positions between the stops 34 and 40. Furthermore, it will be understood that the 
use of stops 34 and 40, and spring 32 is optional. Alternate counter-balance force(s) 
may be employed in place of or to supplement spring 32. 

[00020] One skilled in the art may, therefore, in light of the disclosure and 

teachings herein modify the embodiments presented above as exemplary of the 
present invention to provide still further embodiments of the present invention. For 
example, although the use of a piston-type fluidic actuator is preferred, the use of 
other hydraulic or pneumatic actuators may be similarly used. Although the actuator 
22 shown in the drawings is vertically oriented, it is understood that the actuator 22 
could have a different orientation. The valves 38 and 44 need not be solenoid, or 2- 
way or 3-way configurations, but only be selectively openeable when appropriate. 
The ports 36 and 42 need not be ports in the typical sense, but may be any suitable 
means for permitting the access and/or exit of fluid. Also, it is also understood that 
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the present invention of course contemplates various types of actuators, including 
fluidly movable pistons, such as hydraulic and pnevunatic pistons, as well as other 
non-piston actuators. The actuator 22 could also be used to perform stator vane or 
nozzle positioning, exhaust or exit or other nozzle positioning, as well as positioning 
of other gas turbine engine control members. The invention may be advantageously 
applied to air bleed systems of a variety of prior art or novel configurations. The 
invention may also be applied to any gas turbine type, and as well to any system in 
which surge control is desirable or having a need for a simple and cost-effective 
discrete positioning apparatus. The present invention may be used with a constant- 
pressure fluid supply, or may be used with a variable-pressure system, in which 
actuator position is controlled alternately by the present invention and other means, 
such as pressure balancing. 

[00021] The main advantages of the above-described actuator are its simplicity 

and its ability to permit the disposal of the requirement for feedback to achieve an 
intermediate position. Other benefits of the invention may be summarized as low 
cost, reliable, lightweight and compact. 


